Introduction
Analysis of environmental risks and their management is an increasing pressing concern and one that requires an understanding of a multitude of complex responses of different human and physical agencies (Alexander, 2002 , UNISDR, 2009 . The complexity of understanding and integrating both the physical and human dimensions of risk have been addressed within the consultative framework emerging from the post-2015 Hyogo Framework for Action (HFA). HFA2 for disaster risk reduction explicitly aims to understand risk through 'understanding of the interaction of natural or physical and behavioural factors ' (UNISDR, 2013, p.6) . Developing a conceptual framework that can help to address these issues is a key concern in risk management. This paper suggests that recent developments within actor network theory (ANT), particularly as outlined by Neisser (2014) , could be of use in making these conceptual issues open to practical analysis. This paper uses the impact on aviation of the ash cloud resulting from the April 2010 eruption of the Eyjafjallajokull volcano in Iceland as an illustration of how the conceptual or heuristic tool of actor network theory can be used to identify and illustrate the nature of risk to different actors and how the actor network is morphed through the event. The reshaped actor network then becomes the new riskscape upon which any future events and their management are played out. Through understanding the shifting topography of this new riskscape it should be possible to narrow down the range of likely scenarios that will be enacted in the next event thereby aiding the practical management of future risks.
Actor Network Theory and Visualization
The basic tenets of actor network theory have been discussed in depth by Latour (1987 , 1996 ), Callon, (1986 , Law, (1986; 1992) and Murdoch (1998) whilst Neiseer (2014) provides a detailed review of the key concepts of relevance to risk management and this paper will highlight those relevant to the issues dealt with in this paper.
ANT is more of a shifting conceptual framework for interpretation than an unified theory. It aids the researcher in identifying and interpreting the patterns and structures that emerge from the complex and dynamic relationships between changing entities.
As noted by Latour: '…an actant can literally by anything provided it is granted to be the source of action' (Latour, 1996, p.373) .
ANT recognises that entities and relations co-evolve, stabilize and dissolve in a complex spatiotemporal ballet of flows and forms (Callon 1986 , Murdoch, 1998 .
Within environmental risks this means that a seemingly stable entity such as a safety level is open to renegotiation when actors and their relations are stressed. The stable entity acts as an initial barrier to alignment of the network for powerful actors who use their influential position in the network to guide the course of negotiation, setting in motion the process and direction of dissolution of the stable entity towards their own interests. Such activity, however, does not necessarily require new relations or new actors; power may be exerted through the novel use of existing relations between actors and through existing procedures meant to produce stable entities such as safety standards.
The recognition that no single entity can operate without this complex and, in fact is defined and functional because of this complex of relations, means that the distinction between natural and social blurs as does the straight-forward assignment of causality to a single entity in the complex. This means that ANT rejects simple, deterministic explanation from both the natural an social sciences and instead focuses on the coproduction of knowledge that flows from the unfolding of the network.
Actors or actors within networks are 'any element which bends space around itself, makes other elements dependent upon it and translates their will into a language of its own' (Callon and Latour, 1981, p.286) . These elements are linked by relations through which they are both defined and which defines the actions of the network as a whole. This means that any element or entity in the network can not be conceptualised in isolation from all the other entities, elements and relations that enable it to function as part of that relational network. Within this network agency becomes the ability or capacity to affect other elements in the network, to guide, to determine their actions.
Similarly causality becomes something spread across the network as causes relates to the actions of a particular set of configurations of the network rather than the simple action and effect of a single entity. This means that there will be no single cause for a risk, but rather that particular configurations of actors and relations will produce risk and so it is the identification and management of configurations that reduce risk rather than management of single actors that should the focus of risk management.
The actions of an actor network arise through the 'process of translation' (Latour, 1990 , Murdoch, 1998 which involves the negotiation, transformation and assignment of identities and capacities. Through this process actors become mobilised as part of the network and form a functioning structure through which actions are co-ordinated.
Interests of actors are aligned with a focal or focal actors and involves passage of actors through an obligatory passage point (Neisser, 2014 ) that makes these actors essential for the functioning of the network in that alignment or configuration. In this manner stable relations are established that enable the network to function as a seemingly 'natural' arrangement. 'Inscription' is an important part of the translation process and involves as the negotiated assignment of an actor to the prevailing script or behavioural patterns inscribed by the focal actors or actors (Inkpen et al., 2007) . A successful actor network is one in which these processes are virtually invisible, where the network itself and the actors within it view the current configuration of relations as 'natural' and unquestioned. It is only when under stress that the 'natural' nature of the configuration of a network is questioned.
As Neisser (2014) notes, this approach provides a potentially powerful analytical tool for exploring issues central to risk management such as complexity, uncertainty and ambiguity. Analysing these networks is, however, a difficult task as although you can 'follow the actors' (Callon, 1986 , Latour, 2005 , there may be no set or convenient pattern to the analysis. Description of actions, outcomes and relations within a configuration and their changes as the configuration evolves may provide an insight into the functioning of the network but these descriptions need to be collated to provide a coherent framework for thinking about the actor network. In this respect Peuker (2010 , cited in Neisser, 2014 outline of three key questions for actor networks is a useful starting point. Peuker suggests that initially research should focus on the stability and durability of relations at the local level before moving onto the issues of strengthening or weakening relations may strategically establish network structures or configurations. Lastly, the analysis should focus on issues concerning multiplicity difference and fractionality in the network of relations, issues that could fragment the network. In the context of risk management, Neisser (2014) (Latour, 1987, p.4) . The ash cloud episode provides such an entry point for analysing risk management in the making and, in particular, a malleable network under stress.
Deploying the metaphor of topographies may help to visualise and interpret the dynamics of actor networks. Neisser (2014) notes that the term 'scape' has been used in the literature (e.g. Bickerstaff and Simmon, 2009 , Appadurai, 1998 , Muller-Mahn and Everts, 2013 but often in a vague sense that is not elaborated upon once the metaphor is mentioned. Given the central role of metaphor in driving understanding (Hofstadter and Sander, 2013) it is important to explore the use of a topographic metaphor in the actor network theory. Inkpen et al. (2007) noted that the landscape metaphor has been widely used in the natural and social sciences as well (e.g. Waddington, 1942 , Kaufmann, 2000 , Law, 1986 , Murdoch, 1998 . The metaphor enables the researcher to visualise two distant points or areas coming closer together by the enfolding of the intervening space. The topographic metaphor means that space can be viewed as distortable and dynamic across scales. Entities that form networks become closer to each other as they are inscribed and as their existence becomes increasingly a function of that network with the defining relations become ever more deeply entrenched (as illustrated in Figure 1 ). As in Inkpen et al. (2007) , the metaphor can be used to visualise how the evolution of an actor network warps the topography.
Within a relational landscape defined by the actor network strong relations that entrench and stabilize an entity could be thought of as producing deep, valleys within the landscape. As these relations become more entrenched they begin to distort the topography itself moving points and areas towards each other and dragging associated entities with them. Valleys in this topography become analogous to attractors as the network stabilizes relations that ensure the stability of the current entwrok configuration. Entities, howver, inhabit the landscape and deform it by the constant flows between them that are essential to their stability and continued existence. Latour (1997, p.197) suggests that 'time and space are the consequences of the way in which bodies related to one another' in a topological framework.
Distances across this relational landscape are related to the power of the relations. The further from a valley (representing a set of stable relations) an entity is, the less likely it is to become fully entrenched into the established network. The evolution of this relational topography will result in the development of stable valley systems with flatter, plateau areas where relations are less well established and less constraining on entities. The plateaus represent zones where entities are relatively ambiguous in terms of their inscription into the actor network and can form sites that contest and challenge the prevailing network structure. As the actor network is a constantly evolving the stability of the valleys is not ensured but dependent upon the continued enrolment and inscription of their defining relations between actors. Mapping out actor networks in this manner is similar to the risk cartography used by Beck and Kropp (2011) (Sammonds et al., 2010 , Petersen, 2010 , Schumann et al., 2010 including the tele-conferences held by the CAA during April with the various actors in Table 1 . The ash cloud event (referred to as E15 by the CAA as noted in Hutter and Lloyd-Bostock, 2013 ) is a useful candidate for analysis using ANT as at its heart is the negotiation of the meaning of risk and safety within a physical entity, the airspace. The airspace is the focus of the actor network in Figure 2 as this is the physical and conceptual space within which the actions of all the actors are played out. Each actor has a different relation to the airspace which affects how they perceive the risk posed by the ash cloud. The volcano ejects ash into the airspace, so the airspace is a temporary store for the physical entity of ash. The ash, however, has specify physical characteristics as outlined by Sammonds et al. (2010) related to the physical characteristics of the volcano, the eruption intensity and the magma source feeding it. The specific volcano has a context of its own eruption history and the eruption history of Icelandic volcanoes which impact upon the predictability of eruptions of this type.
Ash in the airspace is also dependent upon the prevailing meteorological conditions of the airspace and its relation to the volcanic eruption. Sammonds et al. (2010) state that periods of north to northwesterly airflow from Iceland occur about 6% of the time although this may be considered a conservative estimate. Physically, the storage and transportation of this type of ash from this volcano into European airspace is an unusual although not unpredictable event (Sammonds et al., 2010) . As long as the combination of volcanic eruption and prevailing meteorological conditions continued then the characteristics of the ash in the atmosphere would not alter.
The CAA has a legal and regulatory relationship to airspace whilst NATS provides air The impetus of the airlines to challenge the prevailing relations could be viewed in the context of their perception of the ash cloud risk relative to the economic risk imposed by the closure of airspace. The ash cloud, from their perspective, was a relatively small risk to any individual flight and one that was unquantifiable and abstract as well as being a risk over which they had no clear control or responsibility. The increasing and cumulative risk of economic damage that the day to day grounding of their aircraft caused would, however, be more visible to the airlines and one over which they had a clearer responsibility and ability to act upon. The cumulative economic impact of the ash cloud risk became a small but increasing risk to the airlines as the consequences of the grounding of planes produced actions that reflected the corporate responsibility of these actors. It provided the impetus to activate latent relations to try to align the network to alter the impact of the ash cloud risk. The physical nature of the risk could not be altered in the sense that the volcanic eruption and continued prevailing meteorological conditions were beyond the control of any agency. The definition of the risk as defined through a safety standard, was more amendable to negotiation hence the activation of the media and the questioning of the modelling of ash concentrations.
It is interesting to note that the airlines did not respond as a single actor but had differentiated access to the negotiation process as noted by Hutter and Lloyd-Bostock (2013) . Low cost airlines such as Easyjet initially had no place or input into the teleconferences with the CAA despite having the largest number of short-haul flights in the affected airspace. This reflects that, initially at least, the pre-existing network of relations between actors involved in the aviation sector, with privileged access for preferred airlines, was maintained in the network that developed to resolve the regulation crisis. Hutter and Lloyd-Bostock also note that the airlines involved in the negotiation process with the CAA were cooperative rather than confrontational, reflecting a difference in stance between their public and private approaches to activating and using relations to align the network to their ends. The airlines had different strategies for aligning the network depending upon the nature of the relations between themselves and other actors. In the case of the CAA a formal setting constrained or even defined the nature of acceptable actions that could be taken and so the form of negotiation.
The renegotiation of the risk of the ash cloud seems to have hinged on the ability of all parties to move the burden on responsibility away from challenges to the science and regulation of the risk to the engineering aspects of the aircraft. 
'If we've had the assurances from manufacturers that we have now at the start of the crisis, the response would have been different …. I suspect that the manufacturers knew there was an acceptable level of safety but what hadn't happened is that they were prepared to underwrite that and validate it'.
The new relation between the CAA and aircraft and engine manufacturers in terms of responsibility also forces the forging of a change in the nature of the relations between the other actors. As noted in the joint statement, the Met Office retains responsibility for defining the presence of the ash risk but now has the additional requirement to identify and map different levels of ash concentration. The technical ability to do this plus the ability of the current modelling to undertake such detailed analysis are new requirements in the Met Office's relationship to the other actors. The CAA now has a different relationship to ash risk in the airspace as it now sees it as a spatially differentiated risk and a risk that is now more complicated to identify . The airlines have a more nuanced airspace for their aircrews to navigate through and so have changed the nature and risk of flying in relation to an ash cloud. In addition, the airlines may have resolved a short-term economic risk but may have to change their maintenance schedules to ensure that there is no cumulative damage to the airframe or engines caused by flying through low concentrations of ash. In this analysis the airlines perceive the longer term risk as acceptable and may even subsume it within their general concept of long-term 'wear and tear' and so remove it completely from their analysis of ash risk.
Entrenchment and Evolution
The evolution of the actor network means that the risk of an ash cloud evolves as The Met Office will need to develop differentiated modelling for ash concentrations and the CAA will employ a differentiated protocol to closing airspace. The entity of 'safe levels' is still within the valley of the CAA responsibility, but its links to the other actors have been activated and more fully developed than before and this has resulted in the emergence of practices by other actors that not only link them more stronger to the entity but also are instrumental in defining it. Visualization of topographic metaphor in actor network. The black valleys represent entrenched, stable entities and relations that define particular actors in the network. The black spot on the plateau region represents an entity whose definition is contested and which could move towards either valley depending on the negotiations and power relations s between the actors. Figure 2 Representation of the actor network for the ash cloud event. The thickness of the lines represents the strength and activity of relations.
Figure 3
Representation of the actor network for the ash cloud event as the crisis evolved. The increased strengthening and activation of links between airlines, engine manufacturers and the CAA is observed as is their increased proximity representing their increased connectivity in negotiation the new safe level of ash concentration. 
